Though the presence of vasa vasorum in the walls of arteries and veins has been recognized for almost 200 years, relatively little is known about their precise function and their r6le in vascular repair. There has been much controversy in the literature as to whether there is a causal relationship between disease of the vasa and of the parent vessels, or whether alterations in the vasa are secondary to pathological changes in the arteries. Considerable light has been thrown upon the part the vasa may play in experimental angiitis and in clinical arteriosclerosis by the extensive observations of Winternitz and his associates.' 8' 9'10 1" It is entirely likely that the vasa may have great importance in the repair of sutured vessels and in the survival of free vein transplants. It was with these specific problems in mind that the present studies were undertaken. This report, however, is limited to our preliminary experiences with a particular method of studying the vasa and to a description of certain morphologic characteristics of the vasa of normal arteries and veins.
In the past, two methods have been utilized to demonstrate the vasa. The first depends upon their detection in certain preparations fixed and stained in the ordinary manner; this technique has very limited possibilities. The second, which is responsible for most of the contributions thus far made, involves the filling of the vasa by the injection, under high pressure, of the artery or vein with engrossing ink or some other agent such as Berlin blue. Following injection and fixation, the vessel is dehydrated and cleared. This is the method which was used with great success by Winternitz In the present study we have used, with some amplification, a method recently introduced by O'Neill. Prior to publication of his work he generously outlined for us his technique and supplied us with some essential equipment. 4 The method is based upon the delineation of the vasa by staining the erythrocytes within the vascular lumen with benzidine solution. Lephene2 had used benzidine in 1919 for a study of blood residues in the reticulo-endothelial system. Sjqstrand in 1934 used the same agent for comparing the blood content of different organs and of the same organ in different species. 7 Pickworth' employed benzidine in studying the cerebro-vascular capillary pattern, and Campbell, Alexander, and Putnam' used it in a study of the human central nervous system. As far as we can learn, O'Neill first applied this method to the study of the vasa vasorum.
Materials and methods Most of the blood vessels used in this study were the common carotid arteries and the external jugular veins of healthy mongrel dogs. We have also studied the aorta of dogs, the coronary vessels, the vessels of the penis and kidney, and a few human blood vessels secured post mortem. The fresh specimens were obtained in the following manner: They were exposed through an operative incision and, after obtaining good hemostasis, they were The vessel was ordinarily stained for about 20 or 30 minutes, though sometimes longer. The specimen was washed in water and placed overnight in 10 per cent formalin. It was then washed again in water and dehydrated by passage through five successively increasing strengths of alcohol from 60 per cent to absolute. It was finally cleared in xylol and mounted with permount on a glass slide. Thus far the technique described is essentially that used by O'Neill. Several alterations and additions were found to increase the usefulness of the method. The addition of 10 to 20 drops of a 10 per cent aerosol solution* to the benzidine solution seemed to facilitate the staining process and to yield better preparations. It was our experience that staining the vessel in a solution warmed on a hot-plate speeded up the process, made the stain more intense and more uniform. We found also that we could counterstain the tissue satisfactorily. After fixing the benzidine-stained vessel in formalin we stained it, on occasions, with hematoxylin, Verhoff's elastic tissue stain, or Bodians's stain for "boutons termineux." The elastic tissue stains proved most useful. The thickness of the tissue made counterstaining tedious and sometimes unsatisfactory. Occasionally when the vessel had been originally stained with heated benzidine, a sludge which interfered with counterstaining was produced. Nevertheless, excellent preparations were often obtained. Following application of the second stain the vessel was dehydrated and cleared as described before. If too much adventitia had been left, it could be dissected off before or following fixation, or even after clearing. A dissecting microscope or binocular loupe sometimes simplified this process.
It was found possible to fix the tissue before staining it with benzidine, but the results were inferior to those obtained with the other method. Vessels removed at autopsy were sometimes stained successfully, though such efforts were not uniformly satisfactory.
Results
In most of the benzidine-stained preparations the vessel was clear and transparent except for the vasa vasorum which were deep brown or black in color by virtue of the stained red cells within their lumen. In general, the vasa appeared to be more numerous in the arteries than in the veins (Figs. 1, 2) . With respect to the larger vasa, there was evident a striking tendency for each arterial vas to be accompanied by two venous vasa running roughly parallel to it, one on each side (Fig.  3) . The larger vasa appeared to follow more closely the longitudinal axis in the case of veins than in the case of arteries in which the vasa branched out more extensively and intricately and seemed to demonstrate less polarity ( Figs. 1 and 2 ). The larger vasa in the walls of veins generally originated at acute or right angles to the long axis but soon turned sharply to follow this axis (Fig. 2) . The arterial and venous vasa were readily differentiated from one another. In Table 1 we have attempted to tabulate the morphologic characteristics of the arterial and venous vasa. The venous vasa are more numerous; there are generally several venous vasa to each arterial vas. As has been mentioned previously, there is an almost constant tendency for each large arterial vas to be accompanied by two venous vasa, one running along on either side. The venous channels are of considerably larger caliber than the corresponding arterial vasa, often being 3, 4, or 5 times as large (Fig. 4) . The arterial vasa, particularly the larger ones, tend to follow a relatively straight course and to be free of branches for long distances; their branches generally emerge from the parent vessel at acute angles. The venous vasa, on the other hand, often follow a tortuous course and have numerous branches which enter the main channel at acute, right, or obtuse angles (Figs. 5, 6 ). They have numerous intercommunications, often form arcuate loops and wheels, and in places show localized areas of dilatation. The walls of the arterial vasa can frequently be seen plainly under proper magnification (Fig. 5 ) , but the walls of the venous channels cannot be made out. The red cells tend to be tightly packed within, and to give a rather homogeneous stain to the lumen of the venous vasa, whereas the erythrocytes are less densely distributed in the arterial vasa and more often appear as distinct cells (Figs. 5, 6, 7) . Not infrequently, when an arterial vas crosses a venous channel, arteriovenous nicking is seen, comparable to the arteriovenous nicking sometimes seen in the fundal vessels (Fig. 7) .
Under proper magnification numerous fine communications can be observed between arterial and venous vasa (Figs. 8, 9 ). These vessels are about the same size as ordinary capillaries and can perhaps be properly designated as capillaries of the vasa vasorum. Sometimes they are so short as to constitute almost direct arteriovenous shunts. Many of the communicating vessels show an S-shaped configuration at the point of origin from the parent artery.
When the specimens are counterstained, particularly with Verhoff's elastic tissue stain, the cellular components of the walls of the arterial vasa are readily seen (Figs. 10, 11 ). There are both circular and longitudinal elements. Once the vessel is identified it can often be followed, by virtue The specimens from human patients studied were all obtained at post-mortem examination. Our observations were too limited to permit a detailed comparison of the morphological characteristics of the vasa in dogs and in man. In general, however, they seemed to be similar. Figure 12 is a photomicrograph of a human hypogastric artery.
Discussion
The methods which we employed have proved very satisfactory for demonstration of the vasa vasorum. They have permitted us to make a rather detailed study of the morphologic characteristics of the sub. intimal and medial vasa, and to record certain features not hitherto described.
It is our impression that the vasa studied were largely subadventitial. It is almost certainly true, however, that complete stripping of the adventitial layer is rarely achieved and some of the vasa visualized in our preparations were probably adventitial. The small blood vessels supplying arteries and veins have many characteristics common to the larger vascular system. The arterial vasa, for example, tend to be smaller than the corresponding venous vasa, to run a relatively straight course and to branch infrequently, while the venous elements tend to be tortuous, to branch freely, and to intercommunicate with one another. The arterial vasa have thicker walls than do the venous. The usual tight packing of the red cells within the lumen of the venous and the more sparse distribution of erythrocytes within the arterial vasa are apparently a reflection of more rapid blood flow and greater tonus in the latter. The counterstaining of the benzidine-stained preparations has proved useful in delineation of the cellular elements in the walls of the vasa; it is hoped that use of other counterstains may further amplify our knowledge.
The particular method used in this study was selected because it was our purpose to study eventually the role of the vasa in arterial repair and in the survival of free vein transplants, and because we feared the recently sutured vessel would not withstand, without leaking, the high pressures necessary for the injection technique. We have subsequently learned that the sutured vessel will not leak or burst with pressures higher than those required for injecting the vasa.3 The method used was highly satisfactory for the morphologic study herein reported. Whether it will prove suitable for the further extension of our work remains to be seen.
This method has the advantage of demonstrating the vasa by virtue of staining the contained erythrocytes and is not dependent upon the filling of the vasa under high pressure with a foreign body. It is of interest that the arteries we examined seem more plentifully supplied with vasa than are the veins. It is possible that the opposite conclusion reached by several previous investigators was dependent upon (Fig. 1 ). It will be noted that the larger vasa tend to travel in the longitudinal axis of the vessel ( the long axis ot the vessel is horizontal). The dark blotches of stain represent accumulations of red cells which are still present due to inadequate wa §hing. 
